This study was designed to evaluate the neuroprotective activity of ethanol extract of Pongamia pinnata stem bark in monosodium glutamate-induced neurotoxicity in rats. Neurotoxicity was induced by intraperitoneal injection of monosodium glutamate 2 g per kg body weight daily for 7 days. Ethanol extract of Pongamia pinnata stem bark (200 and 400 mg/kg) was administered orally after 1 h of monosodium glutamate treatment. Dextromethorphan (30 mg/kg, p.o.) was used as standard drug for the comparison. The degree of protection was determined by various behavioural, locomotor, muscle grip activity, lipid peroxidation and measurement of antioxidant status of glutathione, catalase and superoxide dismutase. Estimation of calcium, sodium and potassium ions in brain tissue and gamma aminobutyric acid level in serum was carried out. The histopathological study of brain tissue was also carried out. Treatment with Pongamia pinnata significantly improved monosodium glutamate-induced alteration in behavioural and locomotor activity and muscle strength. Significant decrease in lipid peroxidation and increase in glutathione, superoxide dismutase and catalase was observed in Pongamia pinnata treated group. Further, Pongamia pinnata also significantly reduced the monosodium glutamate-induced excitotoxicity by decreasing the level of Ca +2 and Na + with concomitant increase in the level of K + . Serum gamma aminobutyric acid level was also increased in Pongamia pinnata treated animals. Further, the histopathological evidence supports the neuroprotective activity of Pongamia pinnata. In conclusion, the present study suggests that the ethanol extract of stem bark of Pongamia pinnata possesses significant neuroprotective activity in albino rats.
The neurodegenerative diseases are in focus due to their increasing health and socioeconomical implications. Alzheimer's disease (AD), Parkinson's disease (PD) and motor neuron diseases are more likely to occur with increasing age either sporadically or as a familial disorder [1] . Monosodium glutamate (MSG) is the sodium salt of the glutamic acid, a nonessential amino acid. The MSG is widely used as a flavouring agent in food industry as well as at homes and restaurants. It acts through the activation of both ionotropic and metabotropic glutamate receptor (iGluR and mGluR) found in the central nervous system (CNS). Hyperactivation of these receptors has been reported to produce excitotoxicity and neuronal death [2] . It is also known that MSG or sodium salt of glutamate exerts excitotoxicity by over activation of glutamate receptors namely N-methyl D-aspartate (NMDA), α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) and kainate receptors (KARs). Further, MSG is also known to affect dopaminergic neurons. The main toxicity of MSG includes neurotoxicity, disorders of endocrine glands associated with neurological activity, learning difficulties, epileptic seizures, increase in glucose levels and increased incidences of metabolic diseases [3] . One of the ways to counteract these deleterious effects of neurotoxicity produced by excess MSG is to evaluate suitable medicines of herbal origin.
In recent years much attention has been paid to traditional herbal medicines [4] . The Pongamia pinnata (PP) commonly known as Indian beech tree, karanj and pongam oil tree. Traditionally, various parts of the plant are used in the treatment of cold, cough, bronchitis, diarrhoea, dyspepsia, flatulence, beriberi, baldness, jaundice, anorexia, intestinal paralysis, Research Paper fever glycosuria, urinary disorders and others [5, 6] . The PP has been reported for its antibacterial and antifungal [7, 8] , anthelmintic [9] , antidyslipidaemic and antioxidant [10] , anticonvulsant [11] , antiinflammatory [12] , antiviral [13] , antiulcer [14] , antihyperglycaemic [15] , antihyperammonemic [16] and antidiarrhoeal activity. Phytochemical review reveals the presence of alkaloids, glabrin, glabrosaponin, kaempferol, kanugin, karangin, pinnatin, pongamol, pongapin, saponin, β-sitosterol, tannin and flavonoids such as furanoflavonoids and chalcones [17, 18] . It has been reported that the plants containing furanoflavonoids and chalcones exert neuroprotective activity in various neurodegenerative diseases [19, 20] . However, there is no scientific evidence for the neuroprotective activity of PP. Hence, the present study has been undertaken to evaluate the neuroprotective activity of PP stem bark extract in MSG-induced neurotoxicity model.
MATERIALS AND METHODS
Dextromethorphan (Centurion Laboratories Pvt. Ltd., Vadodara, India), MSG (Desmo Exports Limited, Mumbai, India), GABA (Sigma Chemicals, Mumbai, India), Calcium kit (Erba Diagnostics Mannheim GmbH, Solan, HP, India) and Sodium and Potassium kit (Crest Biosystems, Verna, Goa, India) were used in the present study. All the chemicals were of analytical grade. Wistar albino rats (150-200 g) of either sex were used. They were housed in clean polypropylene cages under standard conditions of temperature (25±2°) and 12 h lightdark cycle and fed with standard diet (Gold Mohur, Lipton India Ltd.) and water ad libitum. Experimental protocols were reviewed and approved by the Institutional Animal Ethics Committee. For the preparation of extract, stem bark of PP was collected from the institute's botanical garden and was identified and authenticated by a botanist. The coarsely powdered PP stem was extracted with ethanol (70-80°) in a soxhlet extractor, concentrated in reduced pressure and stored in a desiccator (percent yield was 6.91).
Experimental protocol:
A total of 30 rats were randomly divided into five groups. Each group contained six rats and received the following treatment for 7 days. Group 1 (normal) rats were administered with an aqueous suspension of 1% w/v CMC, (5 ml/kg, p.o.). MSG was prepared in normal saline for i.p. and dextromethorphan was prepared in 1% CMC for oral administration for the use in groups 2 to 5. The doses of plant extract, dextromethorphan and MSG were selected based on previous literature [21] . Group 2 rats were treated with MSG (2 g/kg, i.p. The general behavioural changes, if any, were observed for 30 min daily after the administration of MSG. On 8 th day, the rats were evaluated for locomotor and muscle relaxant activity. Hyperactiveness and aggressiveness exhibited by the rats was recorded. Rats were scored 5 when they exhibited aggression and 0 for behaving normal behaviour. Locomotor activity was evaluated by using actophotometer. In this, animals of all the groups were placed in actophotometer for 10 min and the score was recorded. Muscle relaxant property was evaluated by using Rotarod apparatus. Animals of all the groups were placed on the rotating rods and the time of animal fall from the rotating rods was recorded.
Biochemical estimations:
On 9 th day, rats were sacrificed and brain was quickly isolated and stored at −20°. Blood samples were centrifuged to get clear serum for estimating GABA level. The brain tissue 10% w/v was homogenised with Tris-HCl buffer (pH 7.4) using handheld homogeniser (Remi Homogeniser, India). Homogenised samples were centrifuged at 5000 rpm for 10 min (Remi Centrifuge, India). Supernatant was used for biochemical estimations. Protein concentration was measured by Lowery et al. using bovine serum albumin as standard.
Reduced glutathione was determined by the method of Ellman [22] . Briefly, 1 ml of homogenate was added to 1 ml of 10% trichloroacetic acid (TCA) and centrifuged. One millilitre of supernatant was treated with 3 ml of phosphate buffer (pH 8.0) and 0.5 ml of Ellmans reagent. The absorbance was observed immediately at 412 nm. The amount of glutathione was calculated using the extension coefficient value of 13,600/M/cm. Lipid peroxidation was estimated in terms of thiobarbituric acid reactive species (TBARS) [23] . Briefly, 0.1 ml of the tissue homogenate was added with 2.0 ml of the TCA-TBA-HCl reagent (15% w/v TCA, 0.375% w/v TBA and 0.25 N HCl). The contents were boiled for 15 min, cooled and centrifuged at 1000 rpm for 10 min. The absorbance of clear supernatant was read at 535 nm and malondialdehyde concentration of the sample was calculated using extinction coefficient of 1.56×10
5 /M/cm. The estimation of superoxide dismutase (SOD) was determined by the method of Kakkar et al. [24] . Briefly, 0.1 ml of the sample was mixed with 1.2 ml of sodium pyrophosphate buffer (pH 8.3, 0.052 M), 0.1 ml of 186 μM of phenazine methasulphate (PMS) and 0.3 ml of 300 μM nitro blue tetrazolium (NBT). The reaction was started by adding 0.2 ml of NADH (750 μM). The mixture was incubated at 30° for 90 s. The reaction was stopped by the addition of 0.1 ml glacial acetic acid. The reaction mixture was stirred vigorously and shaken with 4 ml of n-butanol. The mixture was allowed to stand for 10 min, centrifuged to separate the butanol layer. The colour intensity of the chromogen was measured against n-butanol at 560 nm using spectrophotometer. SOD activity was defined as its concentration required to decrease the rate of reaction by 50% in 1 min under the assay conditions. Catalase (CAT) was assayed colorimetrically as described by Sinha [25] . The reaction mixture contained 1.0 ml phosphate buffer (pH 7.0), 0.1 ml of tissue homogenate (supernatant) and 0.4 ml of 0.2 M H 2 O 2 . The reaction was stopped by the addition of 2.0 ml of dichromate-acetic acid reagent. Colour intensity was measured colorimetrically at 620 nm and CAT activity expressed as micromoles of H 2 O 2 consumed/ min/mg protein. The concentration of electrolytes like calcium, sodium and potassium in the brain was measured by using commercial kits by Erba diagnostics (for calcium) and Crest Biosystems (for sodium and potassium). The GABA level in serum was assayed by paper chromatography as mentioned by Mishra et al. with modifications [26] . The serum sample (100 µl) was added to 1.5 ml of absolute alcohol and centrifuged at 3000g for 15 min. Fifty microlitre of the sample was used for paper chromatography using the mobile phase containing n-butanol, glacial acetic acid and water. Optical density of eluted sample was taken on a spectrophotometer at wavelength of 509 nm and compared with standard GABA solution. The GABA concentration in serum was expressed in pmol/ml.
Histopathological studies:
The brain tissue was dissected out and fixed in 10% formalin. The paraffin sections were prepared and stained with haematoxylin and eosin and examined using light microscopy.
Statistical analysis:
Results are expressed as the mean±SEM. Results were analysed by one-way analysis of variance (ANOVA) followed by Dunnet's multiple comparison test using Graph Pad PRISM software. P<0.05 is considered as significant.
RESULTS AND DISCUSSION
Overactivation of NMDA receptors by the MSG or sodium salt of glutamate exerts excitotoxicity. Over activation of NMDA along with other glutmate/ glycine receptors disturb the calcium homeostasis, which is the key mediator of glutamate-induced excitotoxic neuronal damage. Dextromethorphan, a synthetic opioid agonist functions additionally as an NMDAR antagonist. Hence in the present study, we have used dextromethorphan against MSG-induced neurotoxicity. The accumulation of high intracellular calcium together with increased level of sodium and decreased level of potassium intracellularly triggers a cascade of membrane, cytoplasmic and nuclear events leading to mitochondrial dysfunction and free radical generation resulting in neurotoxicity [27] .
In the present study, MSG resulted in behavioural and physiological alterations like precipitation of aggressiveness, decreased locomotor activity and loss of muscle strength ( Table 1 ). The administration of MSG resulted in aggressiveness and hyperactiveness in all animals. This observation may be due loss in the hippocampal region of the brain as suggested by histopathological studies. This is known to result in increased levels of glutamate, which leads to aggressive behaviour. Similar observations were also reported [27] . Treatment with PP as well as standard drug, dextromethorphan did not exhibit any effect on MSG-induced aggressiveness and hyperactiveness, which indicates that the MSG might be producing behavioural changes through receptors other than NMDA receptors.
The MSG significantly decreased locomotor activity compared with the normal animals ( Table 1) . Treatment with PP at the dose of 200 and 400 mg/kg as well as standard drug, dextromethorphan significantly reversed the MSGinduced decrease in locomotor activity score. The MSG is known to impair locomotor activity by causing the damage to the dopaminergic neurons by generating free radicals. Dextromethorphan and PP might be overcoming the deleterious effect of MSG by protecting the damage by free radicals. This is evidenced in the antioxidant effects of the treatment.
Treatment with MSG significantly decreased the time to fall from the rotating rod compared with normal group (Table 1 ). This effect might be due to over activation of glutmate pathway leading to neurotoxocity and counter effects on the release of GABA. This is reflected in the decreased level of GABA when treated with MSG (Table 2) . Treatment with PP at the both doses as well as standard drug dextromethorphan significantly increased the time to fall from the rotating rod compared with MSG treated group (Table 1) . Thus, the reversal of MSG-induced loss of muscle grip activity with the treatment of PP may be attributed to its antioxidant activity, which provides protection against neurotoxicity as well as its central GABA activity.
It is a well-known fact that the reactive oxygen species are involved in the pathogenesis of MSGinduced neurotoxicity. In the present study, increase in brain tissue MDA level along with decrease in levels of GSH, SOD and CAT is considered as an indication of the oxidative stress and neuronal damage. Significant increase in the level of lipid peroxide (LPO) was found in MSG treated animals compared with normal animals. The LPO measured by thiobarbituric reactive substances (TBARS) has been generally accepted as an indicator of oxidative stress. Increase in LPO level results in loss of function and integrity of neuronal membranes, which increases nonspecific permeability to ions leading to disruption of membrane structure. The treatment with dextromethorphan and PP dose dependently decreased the LPO levels compared with MSG treated group (Table 3) , which suggests a protective effect of PP against MSG-induced oxidative stress.
Animals treated with MSG significantly decreased the level of GSH compared with normal animals.
The GSH is a major scavenger of free radicals in cytoplasm and an important inhibitor of free radical mediated lipid peroxidation. Excitotoxicityinduced depletion of glutathione in rat brain tissue is due to the breakdown of the glutamate-cystine antiporter system and thereby reducing the level of GSH as observed in the present study in MSG-treated animals. The GSH level was significantly increased in dextromethorphan and PP treated animals at both lower and higher doses compared with MSG treated group (Table 3) is converted into toxic hydroxyl radicals. In the present study, MSG-induced oxidative stress significantly reduced the SOD and CAT activities. Significant increase in the SOD and CAT levels were found in PP treated groups at the dose of 200 and 400 mg/kg and dextromethorphan compared with MSG treated group (Table 3) . Thus, the protective mechanism of PP may be due to its potent antioxidant property.
Excitotoxicity is a result of over activation of glutamate receptors, that is NMDA, AMPA and KARs leading to increased Ca +2 and Na + levels and decreased K + level in the cells resulting to cellular swelling and neuronal death [28] . In MSG treated group, the levels of calcium and sodium ions were significantly elevated and that of potassium ions significantly decreased compared with normal group indicating neurotoxicity. The groups treated with PP at the dose of 200 and 400 mg/kg and dextromethorphan significantly decreased the level of Ca +2 and Na + levels and significantly increased the level of K + compared with MSG treated group and brought the level of these ions near to normal level ( Table 2 ). The GABA level in MSG treated group was significantly decreased compared with normal group, which may be due to inhibition of GABA synthesis or destruction of GABAergic neurons. The groups treated with PP at the dose of 400 mg/kg and dextromethorphan significantly increased the level of GABA level compared with MSG treated (Table 2) . Further, dextromethorphan was used as a standard drug in MSG-induced neurotoxicity model. The dextromethorphan is an NMDA receptor antagonist and has been reported to possess neuroprotective property [29] . Over activation of NMDA receptors is responsible for the alteration of these electrolyte levels hence, NMDA receptor antagonists may be beneficial in maintaining the levels of these ions. In the present study, both PP and dextromethorphan were found to be effective in maintaining the levels of Ca +2 , Na + and K + in the brain indicating that the PP and dextromethorphan act similarly.
The results of histopathological study showed that there are no morphological changes of the brain in the normal animals. The cerebral cortex was found to be normal, no oedema appeared. No neuronal eosinophilia was found and nucleus was normal. There is no astrocytic or oligodendroglial changes were observed ( fig. 1 ). Hippocampus was found to be normal. In MSG treated group, marked cerebral oedema, neuronal eosinophilia, nuclear pyknosis and neuronal karyorrhexis were observed. Treatment with PP effectively reduced the cerebral oedema. There was no an astrocytic and oligodendroglial change as well as reduced incidence of neuronal eosinophilia, nuclear pyknosis and neuronal karyorrhexis, thereby PP prevented hippocampal damage ( fig. 2 ).
Taken together, the present study showed the neuroprotective effect of PP, which could be due to the various phytoconstituents such as flavonoids (furanoflavonoids) and chalcones as the plants containing these phytoconstituents have been reported to be beneficial in neurodegenerative diseases. It can be concluded that PP exerts neuroprotective property, which may be due to furanoflavonoids or chalcones possessing its potent antioxidant property and either GABAergic or NMDA receptor antagonising property.
